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DISCUSSION 


Assoc. ASCE.—The author has proposed method 
analysis that can used aid designing beam supported 
(yielding) foundation. The solution this problem, successive 
approximations, simple and involves procedures that are well known 
tural engineers. applicable beams whose moment inertia (J) and 
modulus elasticity either are constant vary with the length the 
beam. Furthermore, the method applicable irrespective the relation, 
which assumed exist, between the settlement the loaded soil surface and 
the corresponding soil reaction the beam. 

Mr. Popov commended especially for setting forth clearly procedure 
involving simple operations that has wide field application. The writer 
proposes comment the assumed relations between settlement loaded 
soil surface and the soil reaction; also will discuss how the method involving 
successive approximations, used the author the solution the beam 
problem, can applied several other common structural problems involving 
yielding supports. 

Relation Between Soil Reaction and Settlement Soil the three 
examples, given illustrate the method, has been assumed that the relation 
between the settlement the soil surface and the corresponding intensity the 
the intensity pressure; the so-called modulus subgrade reaction 
expressed units pressure per unit settlement; and the settlement 
the soil surface. According this expression, the beam assumed receive 
the same type support that would receive were resting springs that 
change length accordance with Hooke’s law. the author has pointed out, 
this expression would also describe precisely the relation between the pressure 
exerted the bottom floating structure and the depth submergence 
the bottom which the pressure exerted. this instance, would equal 
the unit weight the liquid which the structure floated. also 
noted that the case pile cap supported group piles, which are 
capable resisting axial load only, the relation between the load, supported 
modulus elasticity; the average cross-sectional area; and the effective 
length the pile. the analysis this case the author’s method, can 

The late ASCE, has presented convenient method 
determining the distribution load each group battered piles 
supporting rigid pile cap. The author’s method provides means extend- 

paper Popov was published May, 1950. The numbering footnotes, illus- 
trations, equations, and tables this Separate are continuation the consecutive numbering used 
the original paper. 


Prof. and Head, Dept. Civ. Eng., North Carolina State College, Raleigh, 


December, 1917, pp. 704-713. 
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ing Mr. Westergaard’s analysis take into consideration the flexibility the 
pile cap. 

known that, the case granular soils, the resistance deformation 
varies with confining pressure. This property can easily demonstrated 
placing dry sand rubber bag. evacuating the interior the bag, 
atmospheric pressure brought bear the sand. will noted this 
simple experiment that, the air evacuated and the confining pressure acting 
the sand thereby increased, the stiffness the mass sand increases. 
When the sand subjected full atmospheric pressure, has the consistency 
hard solid. with this demonstration, would appear 
reasonable assume that, the case beam supported granular 
(gravel, sand, sand and gravel) foundation, the modulus subgrade reaction 
should assumed increase value from the ends the beam toward the 
center. Since the confining pressure acting the granular foundation in- 
creases this direction, the value the modulus subgrade reaction should 
assumed also increase this direction. According Mr. Popov, variations 
the value the modulus subgrade reaction, can taken into considera- 
tion the transformed area concept. Thus, his method well suited the 
analysis beams supported granular foundations. 

Analysis Rigid Frames Supported Yielding may 
noted that the general method analysis for beam supported elastic 
foundation, suggested the author, also applicable the case rigid 
frame supported yielding foundation. analyzing this 
problem was proposed the writer (at meeting the Soil Mechanics and 
Foundations Division, during the Annual Meeting the Society New York, 
Y., January 19, 1945), follows: 


Determine the footing loads assuming distortion the frame due 
foundation settlement. 

the settlement the individual footings using the loads 
found step should noted that, unless the distance between the foot- 
ings large comparison the thickness the supporting soil strata, 
would not reasonable assume that the settlement the soil support 
only function the load supported the footing immediately above the 
point settlement. general, the settlement given footing, deter- 
mined from settlement analysis, function the load the footing 
question well the loads acting all neighboring footings. The greater 
the thickness the compressible soil strata with respect the distance 
between footings, the more the settlement given footing influenced the 
loads neighboring footings. 

Determine the change footing loads resulting from the distortion 
caused the differential settlements found step that the greater 
the absolute stiffness the frame, the greater will the change footing loads 
resulting from given magnitude differential settlement. the frame 
perfectly flexible, course, there will shift loads accompanying 
differential settling. 


pp 

Mechanics Engineering Karl Terzaghi and Ralph Peck, John Wiley Sons, 
Inc New York, Y., 1948, pp. 56-74. 
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the change footing loads due the distortion caused differential 
settlements significant, recompute the settlements using the corrected 
footing loads. 

the settlements found step are materially different from those 
found step determine the change footing loads resulting from the dis- 
tortion the frame caused the differential settlements computed step 

Repeat steps and successively until changes footing loads are not 
significant. 


Since the settlements found steps cannot determined with 
any refined degree accuracy, one would not justified, most cases, 
extending the analysis beyond step 

Analysis Rigid Frames Supported Continuous Beam Elastic 
Foundation.—No difficulty encountered extending the method successive 
approximations the case frame supported continuous beam which 
turn supported (yielding) foundation. The procedure for 
analyzing this case might itemized follows: 


Determine the column reactions assuming distortion the frame; 
Using the loads thus found step determine the soil reactions acting 
the beam the author’s method; 
Determine the change column reactions due the distortion the 
beam found step and 
Using the corrected column reactions, repeat step etc. 


Jun. ASCE.—This clear paper demonstrates delight- 
fully simple method designing foundations the basis the more rational 
assumption elastic soil than that rigid foundation. The necessary 
calculations can perhaps minimized making closer first assumption 
the correct soil reaction than that indicated the rigid foundation calculation 
leading line A’B’ Fig. 1(d). With this latter value determined, the ordi- 
nates msy adjusted from the analyst’s experience, bearing mind statical 
necessities only. Using this amended distribution soil reaction, possible 
determine, before, the relevant moments, slopes, and deflections for the 
foundation beam. The closeness this derived deflection curve the one 
assumed—or the analyst’s experience—will indicate any necessity for further 
iteration. 

the interest economizing the analyst’s time, safety factor load 
factor should provide for such contingencies the excess strength introduced 
detailing, the erroneous assumptions presented analysis, and slight 
discrepancies measurement. 

Bearing safety load factors mind, the rapidity the convergence the 
author’s examples indicates that, with experience, further investigation the 
analyst will unnecessary. The once-amended, assumed, soil-reaction dia- 
gram will adequate for determining the moments for which the foundation 
proportioned. 

Research Asst., Univ. Eng. Laboratories, Bristol, England. 
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Assoc. ASCE.—A wide adoption Mr. Popov’s 
method for the analysis many structural problems can expected the 
future. The simplicity and soundness the structural analysis cannot 
disputed the basic assumptions are satisfied. somewhat unfortunate that 
the examples deal with the type problem for which these basic assumptions 
are least applicable. for this reason that the writer wishes present some 
the problems involved surmounting the complexities the basic assump- 
tions applied flexible foundations soil. the other hand, much could 
written concerning the advantages and exactness the method for the 


analysis other problems such the distribution load from continuous slabs 


supporting joists. 

The actual final distributions contact pressure probably are not far from 
those obtained the author the flexible foundations are located deep 
deposit uniform sand with several feet surcharge above the base. Also, 
similar pressure distributions would expected the foundations were located 
the surface sand which possessed considerable cohesion. However, the 
same foundations rest clay, quite different pressure distributions would 
exist. 

explain the reasoning that leads the preceding statements, one must 
forget for moment all the theory that follows the injection fictitious 
foundation modulus into the discussion the problem. First, and primary 
importance, the influence soil type the distribution contact soil 
pressure beneath rigid footings. Secondly, the changes the pressure distri- 
bution resulting from the flexibility the footing must visualized. Fig. 
shows the qualitative influences soil type and flexibility. Such contact 
pressure distributions those shown Fig. have been substantiated experi- 
mentally Oscar Faber” and discussed ASCE. Mr. 
Faber’s tests, conducted with somewhat flexible bearing plate, illustrate 
clearly the difference behavior between sands and clays with the test plate 
the surface and depth below the surface. 

The fictitious foundation modulus (sometimes referred the coefficient 
subgrade reaction) has been ignored intentionally the preceding remarks. 
The writer believes that this the only approach the problem which demon- 
strates explicitly the complexity the relation between the stress-strain 
characteristics the subsoil, the flexibility the footing, and the contact 
pressure the base. 

Presumably, the variation the foundation modulus used Example 
attempt account for the effects the variation the density compressi- 
bility the soil. The foundation area transformed into one which agrees 
with the assigned variation Perhaps the author has mind similar 
transformation for obtaining the initial pressure variation under rigid footing 
clay. Such method would appear feasible were not impossible 
determine the magnitude and variation the foundation modulus across the 

Associate Prof. Civ. Eng., Univ. Illinois, Urbana, 

Distribution Under and Stability Foundations,’’ Oscar Faber, Structural 
Engineer, London, March, 1933, 116 


Eng. Experiment Station, Urbana, IIl., 89. 
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footing. This will borne out the following discussion the method com- 
monly used determine the foundation modulus. 

After much discussion the limitations the fictitious foundation modulus, 
Karl Terzaghi, Hon. ASCE, and Ralph Peck, state 


the evaluation (foundation modulus) involves many 
uncertainties, and the customary procedure for determining the basis 
small-scale load tests subject all the limitations the load-test 
method 


The notorious habit nature laying down soil deposits haphazard 
fashion presents the possibility obtaining soil conditions similar those 
shown Fig. footing wide, such that used Example were 


Ground Surface 
TRU 
Test Plate 


/ j \ 
(a) CLAY 


Pressure Under Rigid Footing 
Pressure Under Flexible Footing 


Ground Surface 


Dense Stiff Pockets 


/ 

AND FLEXIBILITY NIFICANT Stress For FoR Test 


Contact Pressure 
TION BENEATH A Footine 

placed above such variation, the effects the dense stiff pockets would 
quite pronounced; yet, load test within the boundaries the footing the 
elevation the base would show the influence the dense stiff material. 
Furthermore, the results second load test may differ considerably from the 
first when conducted nearby what appears uniform soil. This fact has 
been emphasized Woodland Assoc. ASCE. The location 
the water table also deserves consideration the results load tests are 
applied successfully the design footing. 

Despite the limitations listed the preceding paragraph, let assumed 
that the results the load tests accepted. Then, proper computations 


Mechanics Engineering Practice,’’ Karl Terzaghi and Ralph Peck, John Wiley Sons, 
Inc., New York, Y., 1948, 216. 


Tests Determine Foundation Modulus for Bayou Bodcau Woodland Shockley, 
Civil Engineering, July, 1950, 24. 
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involving the shape and dimensions the prototype, well such uncertain- 
ties the weight surcharge and Poisson’s ratio, the foundation modulus for 
the footing obtained. The pertinent question for footings clay still 
remains How can single value k,, thus obtained, adjusted 
give contact pressures which agree with the variation shown Fig. 5(a)?” 
Suddenly, the investigator realizes that the contact pressure distribution be- 
neath the somewhat flexible bearing plate used for the load test must have been 
quite complex. Mr. proved this fact. 

view the complexities and uncertainties involved and the usual lack 
thorough subsurface exploration and good load-test data, can the analytical 
refinement given the paper justified for common flexible footings? For 
certain soil conditions, the flexible footing Example could conceivably have 
shears and moments equal to, even slightly greater than, those produced 
uniform pressure distribution. Unless extensive boring data are available 
which indicate reliably that uniform soil exists throughout the soil mass subject 
significant stress from the footing, the writer prefers the use uniform 
planar distribution for the design common footings even though they may 
possess considerable flexibility. Mr. has presented some compari- 
sons between moments resulting from different extreme variations contact 
pressure. These comparisons, coupled with knowledge the complexities 
involved, make the uniform planar pressure distribution sufficiently justi- 
fiable for most design purposes. 

Mr. Popov has presented commendable paper from the standpoint 
structural analysis. His method easily applied many engineering problems 
approachable through the requirement that the deflections structure must 
compatible with (1) the elastic properties the supports and (2) the 
flexibility the structure. The tools analysis used the author, such 
moment area and successive approximations, are what might properly termed 
the everyday language the structural designer. 


ASCE.—The point particular interest this excellent 
paper the use the rigid beam pressure distribution basis for starting the 
analysis beams elastic foundation. slight variation the sub- 
sequent procedure, will shown that only two steps are required deter- 
mine the final pressures the foundation. 

The proposed procedure analysis follows: 


Calculate the rigid beam pressures from 


Determine the deflections the beam for the applied load and the foundation 


pressures. 

Calculate the pressures due the deflections step Find the total 
pressure, P;, and the eccentricity, any. Add rigid beam pressures 
balance the load and the moment, any. Determine the deflections the 
beam for this balanced load. 


Kansas City, Mo. 


p 
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Calculate the pressures due the step Find the total 


pressure, P». 
Determine the ratio: 


The final pressures are found adding times the balanced pressures step 
the rigid beam pressures step 


The theory underlying the suggested procedure may simply stated. For 
step the balanced rigid beam pressures yield deflection curve, resulting 
unbalanced pressure, For step the balanced deflected beam pres- 
sures yield deflection curve resulting unbalanced pressure 
Assuming that the two deflection curves are similar shape, for compatibility 
deflections and pressures, 


which reduces Eq. Hence the pressures any point are the sum the 
rigid beam pressures step and times the balanced pressures step 

The proposed method will now applied Example The parts 
the author’s calculations used subsequently are assumed correct. 


The deflections for step are shown Fig. 

The pressures for step are shown Fig. The total pressure, 
88.95 kips. The balancing rigid beam pressure 88.95/30 2.965 
kips per ft. The balanced pressures are shown Table 4(a). 

The deflections for step are shown Table The total pressure, 
22.95 kips. 

The ratio, 88.95/111.9 0.793, and the final pressures are shown 
Table 4(a). author’s results are also shown the table for comparison. 


demonstrate that the suggested procedure applicable unsym- 
metrical case, Example was also solved. The values and are 402.4 
and 135.6 lb, respectively, hence the ratio, The results are tabulated 
Table 

study the method indicates that similar trigonometric series 
solution where only one term the series used. The only difference the 
use calculated deflection curve instead the single sine wave. The 
accuracy obtained excellent for beams whose values are less than 3.0, 
where the parameter given the expression: 


For higher values the pressures are error because the final deflection 
curve, even for concentrated load applied the center beam, has reverse 
curvature near the ends. more important note, however, that the 
maximum moment for beam with concentrated load the center was 
practically correct for value although the pressure distribution was 
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considerably error. These considerations seem justify the conclusion that 

the approximate procedure sufficiently accurate for all practical purposes. 
discussing his general procedure, the author cautions against the danger 

nonconvergent solution. would interesting know his method 


TABLE APPLIED THE EXAMPLES THE PAPER 


Points: 
Steps 
Step 1.—Deflections, Feet: 
Step 2.—Pressures, Kips per Square sults the preceding 
step. 88.95 
Unit pressures, 300 y1.............. 2.280 4.170 4.890 
Step 4.—Final Pressures, Kips per (by Eq. 
Square 0.748. 
Rigid beam pressures.............. 5.00 5.00 5.00 5.00 
0.793) times net pressures 
2.65 4.46 5.96 6.53 
Author’s results, 2.7 4.5 5.9 6.5 
Inches 
4(e)): 
2.—Pressures, Pounds per 
Balancing 3.88 4.08 4.03 3.76 3.18 2.37 1.32 
inal Pressures, Pounds per 
nch: 
Rigid beam pressures.............. 0.90 1.54 1.92 2.05 1.92 1.54 0.90 
0.748) times net pressures 
3.80 1.58 0.56 0.82 1.67 2.31 1.89 
results (Example 3)......... 3.54 1.57 0.73 0.95 1.70 2.22 1.79 


will work for beams more flexible than has considered. The writer’s proce- 
dure, however, involves convergence difficulties for any degree flexibility, 
and gives answer consistent with the assumption that the final deflection 
curve the same shape that due the applied load and the balancing 
rigid beam pressures. 


solution problems concerning beams resting soil has been presented 


Ingénieur Chef, Directeur des Ponts Chausseés, and Directeur Inst. Géotechnique Etat, 
Ghent, Belgium. 

Visiting Engr., Inst. Géotechnique Ghent, Belgium, and Lecturer, Univ. Serajevo, 
Yugoslavia. 
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Mr. Popov. Indeed, his semigraphical method for finding the distribution 
the reactions under beam with eccentric loading based clever technique, 
which consists taking the mean between the elastic deflections found suc- 


cessive steps. This should recorded personal achievement for Mr. 


Popov, because decreases the computa- 

tion work considerably. 
The mathematical deductions the 

paper are based the “modulus soil 

reaction This modulus does not cor- 

respond physical property the real 


soil layers, has been shown one 
the writers (Mr. for the case 
centric loads. The distribution the re- 101 
actions obtained the k-method can 
differ widely from the exact solution. 
Making use semigraphical method 
similar that described Mr. Popov, 
one the writers (Mr. Krsmanovitch) has 
find more exact distribution the re- 1.32 
actions under eccentrically loaded beam 
resting soil with constant modulus Center Line 


elasticity, The work was reported 


metric units for which typical conversion 
equivalents are presented Table However, for comparison purposes, the 


pressure distribution for axially loaded beam shown Fig. for beam 


TABLE 5.—Conversion METRIC QUANTITIES 
THIS 


Symbol Definition Metric units English units 
(1) (2) (3) (4) 
Value for beam.............. 200,000 per 182,858 tons per 
1,000 per 91,429 tons per 
Rectangular moment inertia...... 4.38 105,230 


Width beam section............ 
Length beam section........... 6.00 19.68 
6.0 per 167.2 tons per 


stant modulus elasticity, 1,000 Curves are presented 


for two values the moment inertia, both curves being the form 
fourth-degree parabolas. The imposed external load 100-ton (metric) 


force applied the center the beam. 


June, 1948, 393; August, 1948, 525; October, 1948, 653; and December, 1948, 721. 

poutres reposant sur sol—cas des sollicitations multiples Krsmano- 
vitch, Annales des Publics Belgigue (publication pending), 1951. 
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the load moved off center distance the distribution for three 


12’ 


different values shown Fig. Before the results obtained for con- 
stant can compared with the k-method proposed Mr. Popov, 


an 
a 
Tons 
So 
a - ON Nn 


(b) 


1.326 


Scale Pounds per Square 


Scale Kilograms per Square Centimeter 


0.083 0.162 


necessary define since 
has true physical signifi- 
cance relation the soil. 
This may done 


reaction. Substituting the 
foregoing values E,, and 
(167.2 tons per ft). 
Applying Mr. Popov’s compu- 
tation, with the same loading 
conditions, the corresponding 
distribution curves are ‘indi- 
cated the dashed lines 
Fig. 

direct 
tween the maximum moment, 
method” and the maximum 
moment, M’, Mr. Popov’s 
method afforded the data 
Table Also shown, are 
the values the unit reac- 
tions and and the percent- 
age differences (e), results 
both methods, the point 
application load and 
ends and The values 
corresponding trapezoidal 
distribution the soil reac- 
tions are also included the 
table. Examination illus- 
trations and Table reveals 
that the k-method yields values 


maximum moments that are consistently too low—especially the case 


stiff beams. 


study the influence eccentricity Fig. shows the distri- 
bution curves for three positions, superposed. Even when the load located 


October, 1948, 670. 


| 
P=100 Tons 
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TABLE MoMENTS THREE METHODS 


(1) 


1.16 40.7 
1.67 58. 


6.00 100.0 
1.67 27.8 


1.69 100.0 0.50 100.0 
1.69 100.0 —0.07 
1.19 70.5 0.55 110.0 


1.46 100.0 1.15 100.0 
105.5 0.17 14.8 
1.19 81.5 0.55 47.9 


0.97 100.0 2.50 100.0 
1.14 117.5 1.06 42.5 
1.19 122.7 0.55 22.0 


(ton-m) 


(8) 


59.13 
57.22 
71.32 


67.96 
62.38 
71.32 


84.40 
69.87 
71.32 


100.0 
82.7 
84.5 


per in.). 


1.077;1.014 


ercentage the value obtained the 


i=] 


1.00 Meter 


0.760;0.620 


Unit reaction kilograms centimeter (kg per 14.2234 


” eM 
(10) 
1.67 83.5 120.8 +20.8 
100.0 
Meters 
P=100 Tons 
wo wo 
i 
o 
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one sixth the span length off center, the reaction the far end different 
from zero. Different distributions would obtained the k-method. Com- 
putations based the modulus elasticity are more complicated and re- 
quire slightly more time than the k-method proposed the paper; but diagrams 
can prepared applying the method systematically selected number 
cases, such that intermediate cases can solved interpolation. 


Assoc. ASCE.—The unanimously favorable comments 


this paper are highly gratifying. Such attitude the part experts 
encouraging and indicates that the proposed method may prove useful 
the profession. The writer thanks every discusser for adding much value 
the contents this paper. 

Originally the foundation modulus was not discussed detail. the 
other hand, some structural designers may not have complete picture the 
complexities involved selecting this quantity. Mr. Hanson’s discussion 
the pitfalls which designers should guard against when using the proposed 
method treats this subject admirably. correct stating: 


attempt account for the effects the variation the density com- 
pressibility the soil.” 


appropriate variation the foundation modulus must made depending 
the nature the material below the footing. The writer agrees with Mr. 
Hanson that the usual assumption uniform pressure distribution for the 
design footings acceptable. However, for footings possessing 
considerable flexibility, the usual basis design may unsafe. 

The necessity for varying the foundation modulus some cases clearly 
brought out the discussions Messrs. Fadum, Beer, and Krsmanovitch. 
For this purpose the latter two discussers cite some important work done 
this problem Europe. However, the comparison Mr. Beer’s 
accurate solution with the proposed method needs further clarification. 
the method proposed the writer, the foundation modulus may varied 
according the principles soil mechanics, tests, and judgment. Hence 
using the transformed area the footing suggested Example 
results identical those obtained the will obtained. 

The broad applicability the proposed method mathematically related 
problems was recognized Messrs. Hanson and Fadum being perhaps 
the most important use method. With minor modifications the pro- 
posed method may applied the analysis interconnected girders 
bridge, pipe lines tubes stiffened with collars, shells, and domes. the 
University California work has been done obtain solutions such problems 
successive approximations. these problems the “foundation modulus” 
may definitely and not srbject the same objections that 
are inherent the foundation problems. interesting illustration 
approximation procedure followed difficult problem given Mr. 
Fadum. 


Prof., Civ. Eng., Univ. Calif., Berkeley, Calif. 
Elastic Hetényi, The Univ. Mich. Press, Ann Arbor, Mich., 
pp. 35, 36, 100, 119, and 163. 
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Improvement the proposed method the subject the discussions 
Messrs. Plessis and Karol. Mr. Plessis correctly states that with experi- 
ence the use the method, the analyst’s time may economized materially 
making closer assumption than the average the beam’s deflections 
the beginning and the end cycle. For stiff beams the actual shape 
the deflected beam approximates more closely the shape the deflected 
beam subjected the assumed loading than does the straight beam initially 
assumed. The inverse true for flexible beams. The averaging process 
suggested the paper attempt reduce the design procedure routine, 
and does not necessarily furnish the most rapid solution. strict sense, 
the process averaging deflections the beginning and end cycle 
applicable only short and medium length beams. Such beams, according 
the classification proposed Mr. Hetényi,* are such that which 
defined Eq. When the length beam such that greater 
than much work may required converge the solution trial and 
error process. However, such cases the process may simplified greatly 
following Mr. Karol’s suggestion. 

remarkable acceleration toward convergent solution may obtained 
using the modified procedure developed Mr. Karol. Using the ratio 
defined Eq. immediate convergence solution obtained. difficult 
problems the use this ratio eliminates the necessity using many cycles 
obtain solution. average problem the convergence solution 
accomplished process equivalent only two cycles, although one ad- 
ditional cycle may desirable final check. The foregoing procedure 
somewhat analogous the “‘one cycle the Hardy Cross method 
frame analysis, except that the Karol procedure very simple apply. 

procedure analogous the one given Mr. Karol has also been devel- 
integrating assumed algebraic function based the deflection rigid 
beam, the “convergence factor” any ith cycle terms Mr. Karol’s 
notations may stated 


For this reverts Eq. Great accuracy may obtained rapidly for 
flexible beams using this generalized expression for the convergence factor. 
For flexible beams, instead seeking solution the end two cycles, 
three more cycles may have employed. using the convergence 
factors, the danger nonconvergent solution eliminated, and reverse 
curvature the deflected beam, such exists, may determined. Mr. 
Plumb’s analysis shows that the ratio which practically 
constant after number cycles. 

conclusion the writer wishes again thank the discussers for their 
contributions which complement the paper well. 

46. 

Methods Analysis Beams and Circular Plates Elastic Foundation,” 


Plumb, submitted partial fulfilment for degree Master Science Civ. Eng. the Univ. 
Calif., Berkeley, Calif., June, 1951. 
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